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EXECUTIVE SUMMARY 
 
This report looks at the use of high efficiency electrical equipment in the remote site 
village area at the Bissa Gold Project in Africa, to reduce electrical load, and therefore 
reduce the amount of fuel used to power the living area. This includes looking at the 
locations available resources, to harness solar energy, and see how the natural resource 
may help to reduce energy used in water heating units. Possible technology upgrades are 
water heating units, lighting and office equipment, such as footpath lighting, room 
lighting and monitor display systems. The report looks at how to change the currently 
designed units that are using technology that is becoming outdated, and how this impacts 
on capital cost, and how long the payback period is expected to be over the life of the 
project. 
 
Ultimately the technology that shows the most promising potential to be upgraded is the 
hot water systems and lighting. The high amount of solar thermal energy that is available 
at the site location indicates an energy saving of around 75% in hot water systems. The 
use of LED lighting shows a potential energy reduction of 29% for high intensity footpath 
lighting, and up to 80% for indoor room lighting. Modelling the energy savings into an 
existing 4 person accommodation unit shows potential to reduce the electrical load by 
32% per unit, but at a capital cost over double the original unit cost. 
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ABBREVIATIONS 
CFL - compact fluorescent lamp 
CRI - colour rendering index 
EFF - efficiency 
GPO - general power outlet 
HPS - high pressure sodium 
LCD - liquid-crystal display 
LED - light-emitting diode 
HID- high intensity discharge 
K - Clearness index 
lux - SI unit of illuminance and luminous emittance 
kW - kilowatt 
kWh- kilowatt hour 
MW - megawatt 
MWh - megawatt hour 
NOCT- nominal operating cell temperature 
 
PSH - Peak sun hours 
 
Qdm - daily energy consumption 
 
UV - Ultraviolet  
WTI - Western Texas Intermediate in reference to grade of crude oil 
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1.0 INTRODUCTION 
 
A synergy is created when two systems come together to produce a result that is not 
obtainable by their individual effects. This can be seen where renewable energy systems 
are integrated into planned or existing industrial operations. It is a particular interest for 
remote locations not connected to the grid that are faced with expensive technical and 
environmental challenges associated with transporting fuel over large distances to be 
used on site, or constructing expensive transmission equipment to connect the site to the 
grid. A good energy strategy is one of the key factors of an efficient plant operation. 
 
At the start of a plant operation, initial capital cost will be the amount of money a 
company will put into the project before it sees any income generated. There needs to be 
a balance of initial investment and the payback period, or when the site will begin to 
generate profit. For this reason the way in which energy efficiency methods are 
implemented needs to be looked at. This will analyse a site's initial setup to increase 
energy efficiency, and the implementation of more efficient systems once the site is 
profitable. 
 
This report addresses the increasing benefit of upgrading remote living areas, and the 
technology they use.  The report includes looking at site details for the upgrade, the 
feasibility of upgrading each technology used, a financial analysis of feasible technology 
and a modelled case for a proposed accommodation unit upgrade. The objective of the 
report is to determine the overall energy and cost savings that can be achieved from the 
use of high energy efficient technologies. 
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2.0 SITE DETAILS 
This section examines the resource at the Bissa Gold site, to indicate any solar resource 
available that may be harnessed to reduce electrical load.  
2.1 Location 
The Bissa Group permits cover an area of approximately 1,000 square kilometres in the 
province of Sanmatenga. The site is located at coordinates 12° 22' 13”N latitude and 1° 
31' 29”W longitude, approximately 85 km north of the capital city Ouagadougou, Burkina 
Faso.  
2.2 Climate 
The climate of the Bissa Gold project zone is hot. Under the Köppen climate classification 
the site features a tropical savannah climate. [12] 
 
Figure 1 Climate data 
 
Figure 1 displays NASA [5] solar radiation data at the surface of the site as well as the 
daily clearness index. The daily clearness index or K value is a percentage value 
representing the amount of solar radiation that makes it to the earth's surface, further 
explained in section 2.3. 
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Table 1 Climate data Burkina Faso 
Lat 12.22 lon -1.31 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual average
monthly ave direct normal 
rad (kWh/m^2/day) 
(22yearavg)
6.16 7 6.62 6.23 6.25 5.58 4.91 4.24 4.92 6.14 6.8 6.37 5.93 PSH
K 0.6 0.64 0.62 0.6 0.6 0.56 0.53 0.5 0.54 0.6 0.63 0.61 0.58
diffuse (kWh/m^2/day) 1.48 1.52 1.81 2.03 2.02 2.09 2.19 2.29 2.11 1.73 1.41 1.37 1.84
rad (kWh/m^2/day) tilt (at 
approx latitude angle) 5.66 6.4 6.43 6.22 6.34 5.93 5.56 5.17 5.49 6.02 6.07 5.66 5.91 PSH
ave air temp (10m deg C) 25.3 27.4 30.4 31.5 29.8 27.3 25.4 25.1 26.4 28.5 28.5 26 27.6 ⁰C  
Table 1 displays the NASA [5] solar resource site data for the site location in Burkina Faso, 
Africa. This data clearly shows the available solar resource at the site.  
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2.3 Solar resource 
Horizontal and tilt solar radiation is at an annual average of 5.93 kWh/m²/day peak sun 
hours per day with a monthly minimum of 4.29 kWh/m²/day and maximum of 7 
kWh/m²/day.  This indicates a very strong solar resource at the site, and even at the 
minimum month the resource is still on the high end of the scale. When solar panels are 
at a latitude angle of 12.22⁰, the monthly variation is even less and the minimum average 
PSH available is 5.17. This high monthly average indicates that this site has a strong solar 
resource available. The global horizontal irradiation map for the region, shown in Figure 
2, displays the scale and quality of this resource. 
 
Figure 2 Solar resource [3]  
 
The clearness index K=0.58, which indicates the fraction of irradiation at the top of the 
atmosphere that reaches the surface of the earth. The number is between 0 and 1, so this 
index value indicates that 58% of the year will be clear conditions, and the solar resource 
will not be blocked by bad weather or cloud cover. 
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The air temperature determines what conditions that the solar panels will be operating 
in. Typical solar modules have a NOCT of 25⁰C and a rated temperature of 45⁰C, which 
means that the average of 27.6⁰C will be close to ideal operating conditions. 
The solar data shows that there is a very high solar resource at the site, meaning that 
there is promising potential for power load reduction with solar thermal hot water 
systems. The relatively warm climate could also indicate the potential for load reduction 
using heat pumps. (See section 3.3). 
2.4 Wind resource 
A wind resource chart, from a Stanford university study [4] displays yearly average wind 
speeds for different parts of Africa, and shows that Burkina Faso has an average wind 
speed of less than 5.9m/s. Wind speed charts from the NASA [5] website are displayed in 
Table 2 below, showing the average and max wind speeds. The average annual wind 
speed is 2.6m/s. 
Table 2 Wind speed 
Lat 12.22 lon -1.31 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Annual 
average
ave wind speed 
(50m in m/s) 2.29 2.29 3.31 3.1 3.52 3.17 2.96 2.64 2.13 1.95 1.92 1.91 2.6
max 32.1 34.4 36.8 36.9 34.4 31.2 28.6 28.5 30.7 33.9 35.3 32.9 33  
 
Wind can be assessed in classes. The data indicates that the site is a class 1 resource; 
therefore it is at the low end of the scale or a light wind. 
Table 3 Wind class 
Wind Power class 
wind power 
Density (W/m^2) speed (m/s) 
US weather bureau 
description 
1 100 0-4.4 light wind 
2 150 4.4-5.1 light-moderate wind 
3 200 5.1-5.6 moderate wind 
4 250 5.6-6 Moderate wind 
5 300 6-6.4 moderate- strong 
6 400 6.4-7 moderate-strong 
7 1000 7-9.4 strong wind 
8 1000+  9.4+ Gail 
This wind data shows that there is a poor wind resource at the site. Although wind power 
is a well developed and effective renewable technology that offers renewable power 
benefits, the site does not have the resources available to be harnessed to make 
implementing wind turbines a viable option. The low resource means that low amounts of 
energy would be produced, and the increased capital investment would take too long to 
pay itself back. 
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3.0 PRE-FEASIBILITY ANALYSIS OF ENERGY SAVING TECHNIQUE 
The pre-feasibility analysis section will address what technologies are the most viable. 
This is important to indicate what technology can be updated to offer a significant energy 
saving that will benefit the company for a larger investment. The section involves fuel 
price, LED lighting, hot water systems, office equipment and how each aspect is expected 
to perform over a period of time.  
3.1 Fuel Price 
3.1.1 Current fuel price 
Current mining operations, including the Bissa and Kabanga project sites rely on diesel 
generator sets for all power generation of the mining equipment, service areas and living 
areas. Diesel fuel is a key driver in the cost of energy production and therefore 
determines the cost of production from the mine. Fuel cost consists of not only the cost 
of diesel itself, but also the transport to the remote mining locations and carbon emission 
taxes. 
This means the running cost of the site and the price of production are heavily dependent 
on the cost of diesel, so the cost of production and profitability of the site would be 
sensitive to changes in the diesel price and the amount of diesel used. A base case from 
the Kabanga nickel project data in 2010 the pricing of diesel is seen in the Table 4, to be 
at $90 USD/barrel and the US$/L price is $1.27. Power and fuel consumption is based on 
data from the Lycopodium [12] database of recent projects. 
Table 4 Projected Crude and Diesel Pricing [12] 
 
Breaking this fuel cost down into power generation costs in US dollars per kilowatt hour 
as displayed in Table 5; the maintenance, lubrication and rental cost of the generator sets 
are 0.043US$/kWh and the cost of diesel fuel is 0.260US$/kWh meaning that the total 
cost of electricity is about 38 cents per kWh. 
Table 5 Diesel Generated Power Cost [12] 
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3.1.2 Fuel Price Projection 
According to the U.S Energy Information Administration [6] data collected over the past 
20 years from 1988 to 2012, it is projected that by 2035 fuel price will have increased by 
50% with the current trend, so crude oil prices will increase from roughly US$100 per 
barrel to around US$150 per barrel. The price trend is shown in Figure 3 and Table 6 
below. 
 
Figure 3 Oil trend 
Table 6 Oil projection 
 crude oil 
USD/Barrel 
crude oil 
price per litre 
retail 
diesel 
price 
per L 
diesel 
cost (del) 
(L) 
carbon tax 
per L 
$/kWh maintenance/lubrication/oil 
(increase with crude oil 
price) 
electricity cost/kWh 
2012 90.00 0.57 0.80 1.27 0.06 0.28 0.043 0.380 
2035 149.80 0.95 1.33 2.12 0.18 0.48 0.0678 0.608 
As diesel fuel price continues to increase as projected, the cost of diesel fuel in remote 
locations will also increase. This increase means that the cost of electricity on the site will 
be pushed higher and start to reduce the profitability of a project. It is desirable to reduce 
power consumption through reducing the load on the generators and therefore reduce 
the fuel consumption. 
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3.2 LED Lighting 
3.2.1 Lighting types 
There are a number of different lighting methods and applications on a mine site.  
Typically lighting methods are: 
Office areas  
 linear fluorescent lighting, standard incandescent globes for living areas and 4-
man accommodation units 
 standard incandescent globes 
 halogen globes 
 compact fluorescent globes 
Security & footpath lighting and spot light 
 high pressure sodium lighting 
 HID 
As shown in Figure 4, there is a significant difference in performance of different lighting, 
especially when looking at lighting methods that are currently used in the village living 
areas, such as incandescent and halogen globes. Department of Energy [18] testing 
results showed that in 2011, LED bulbs with a high efficiency of 150 lm/W will be 
available, and even lower end models had a luminous efficiency exceeding 50 lm/W. 
Commercial LED bulbs have a high initial cost due to the sapphire substrate used, which is 
key to the production process but expensive.  
3.2.2 Benefits of LED lighting 
Led lighting offers many benefits over conventional lighting including: 
 lower energy consumption/higher light efficiency,  
Typical incandescent bulbs for example are very inefficient, operating at about 
20% efficiency, meaning that 20% of the energy consumed is producing useful 
light energy while the other 80% is producing waste heat energy. This is nearly 
opposite in LED lights where 80% of the energy consumed is producing useful light 
and 20% is waste heat. This allows LED’s to operate at a much lower wattage, 
which will decrease the maximum demand as well as total power consumption. 
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 Long Lifetime [20] 
 Incandescent light bulbs work from electricity flowing through a thin 
tungsten filament that glows white hot to produce light, this involves thermal 
expansion which causes metal fatigue. Every time this light is turned on and off 
the filament expands and contracts, which will cause the filament to eventually 
break, where the globe is ‘burnt out’.  
 
 Fluorescent, high pressure sodium and compact fluorescent lights have 
a similar burn out scenario to incandescent lighting. HPS and CFL’s have electrodes 
instead that emit electrons into the gas inside the glass. These electrodes are 
subject to evaporation with time. Fluorescent tubes burn out from evaporation of 
the shielded metal filaments at each end of the tube, causing the light to burn out. 
These light types can also have various problems with the stator or ballast. [20] 
 
 LED’s will deteriorate, but never 'burn out', so their useful life is stated 
as the life of the product. Light is produced using substrate semi-conductor 
material. There are two doped regions so there are no electrical components to 
'burn out'. Light is produced by electroluminescence, where current passes 
through a PN junction. This causes electrons to jump to higher atomic energy 
states and when the electrons return to the ground state, light in the form of 
photons are emitted. This process consumes very little energy since there is not 
much heat generated. Since no components are being changed or altered there is 
no wear down of materials, meaning LED's can keep on working for very long 
lengths of time. [20] 
 
 Improved physical robustness 
 
Traditional lighting methods use relatively fragile components, unlike LED’s that 
are robust, very rugged, solid state devices with no glass or filaments to break. 
 
 Environmental factors 
Bugs and insects are attracted to the UV light and heat given off by traditional 
lighting. LED lights have no UV output and very low heat making their application 
attractive for outdoor pathway lighting in mine sites and in living areas where 
bugs can be a problem. 
3.2.3 Lighting cost comparison 
The initial analysis indicates that LED lighting has potential to improve load efficiency as 
well as lower running cost in applications. The main parameter that is holding back the 
implementation of this efficient lighting method is the higher capital cost. Although the 
technology is continually improving, the payback period needs to be looked at to see the 
financial viability of implementation. 
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Table 7 and 8 show the cost of each lighting method, which is also displayed graphically in Figure 
4. 
Table 7 Light tech performance 
globe type 
projected 
life 
 1000 
hours 
Lumens/Watt 
(LPW) 
Watts per bulb 
  hours 
 
  (equiv to 60W) 
incandescent 1200 1.2 15 60 
halogen 3000 3 25 36 
linear fluorescent 18000 18 50 18 
compact 
fluorescent 10000 10 60 15 
LED 50000 50 90 10 
HID 20000 20 120 7.5 
HPS 15000 15 94 9.57 
Table 8 Light tech cost 
globe type running cost 
total cost 
($/kW/h) running cost 
total cost per 
bulb 
  ($/kW/h) 
over 
50000h $ per year $/year 
incandescent 0.0156 0.0173 136.656 151.256 
halogen 0.0094 0.0114 81.994 99.514 
linear fluorescent 0.0047 0.0052 40.997 45.863 
compact 
fluorescent 0.0039 0.0044 34.164 38.544 
LED 0.0026 0.0032 22.776 28.032 
HID 0.0020 0.0035 17.082 30.222 
HPS 0.0025 0.0038 21.807 33.487 
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Figure 4 shows the lighting comparison for each light type. From this it is seen that LED lights have 
the longest life and lowest running cost, but the highest capital cost. This table shows there are 
several light types that can offer higher performance than standard lighting. Lighting section 4.2 
expands on this. 
 
 
Figure 4 Lighting comparison chart 
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3.3 Water heating 
One of the biggest loads for living areas is hot water heating and storage. According to 
Canadian Building Energy End-use Data & Analysis Centre (CBEEDAC) [9], 30% of a 
household total electricity usage and green house gas emissions are due to the water 
heating load. For an electric heater used in the current 4 person village from recent 
Lycopodium village size load lists [12], the hot water load accounts for 37% of a 4-man 
accommodation units total energy usage.  
There are a range of solar thermal hot water systems on the market that could reduce 
this electrical load. The high average solar resource of 6 kWh/m^2/day at the site 
indicates ideal conditions for solar hot water system operation. An analysis of water 
heating units that are being used or considered for use in the site village will look at the 
cost involved in the different setups and if there is a demand or benefit from using 
renewable solutions such as solar thermal systems, or heat pumps. Data is based on the 
study undertaken by the CBEEDAC [9]. 
 
3.3.1 Solar thermal systems 
Electrical energy usage is reduced as water is heated by the sun as it passes through the 
solar collectors, and stored in a tank. There are 3 main types of solar hot water systems: 
[21] 
Flat Plate Thermo-siphon systems 
This is the most common solar hot water system setup to have both collector panels and 
storage tank mounted on the roof. Water circulates through the system by the thermo-
siphon effect. For a more reliable application a pumped or split systems should be used 
where solar panels are on the roof but the tank is located at ground level. Hot water is 
pumped from the panels to the tank via a small electric pump. Boosters are needed in the 
storage tank to supply residual energy for the load that the solar panels cannot meet. 
 
Evacuated tube systems 
Evacuated tube installations are set up with metal oxide glass tubes to concentrate the 
sun's heat, to turn water into steam in a small sealed copper tube that runs up the centre 
of a partially evacuated glass tube. At the top of the array these fine copper tubes run 
into a heat exchanger, where heat energy is transferred to water being circulated by a 
small pump, where the hot water will then flow to the storage tank. The vacuum in the 
tubes act like a thermos flask, meaning they have very good heat retention of around 93% 
of thermal energy. As a result of this more complex system and increased efficiency is 
achieved, but the cost is typically 15% more than an equivalent flat plane collector 
system.  
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Heat pumps 
The warm dry climate of Burkina Faso, Africa means that heat pumps could also reduce 
energy usage. Heat pumps do not rely on direct solar radiation, but rather use solar 
energy in the form of surrounding ambient air. They are classified with direct solar 
systems, even for government rebates and incentives. Heat pumps work on the same 
principals as an air-conditioner or a refrigerator, except in reverse. Heat energy from 
surrounding air is transferred to water and stored in a hot water tank. Air is drawn into 
the unit through an evaporator where a cold refrigerant absorbs the air’s heat energy, 
and flows into a compressor, which converts the refrigerant to a high temperature, high 
pressure gas. The heat from the gas is then transferred to heat the water via heat 
exchangers where the refrigerant will cool and be cycled back to the evaporator. There 
are several different methods of heat exchange that can be used. Because electrical 
energy is not being used to generate any heat energy, these systems are a minimum of 
60% more energy efficient than conventional electric water heaters and installation is 
similar to that of a conventional hot water system. 
Heat pump systems work best in climates where the yearly ambient temperature is 
between 5-32⁰C. The Burkina Faso site has a relatively high annual average air 
temperature of 27.6⁰C with a maximum of 31.5⁰C and minimum of 25.1⁰C as shown from 
NASA [5] average air temperature data displayed in Figure 5. This makes the site ideal for 
operating a heat pump. Air expelled from the unit is also cool, and depending on the 
location can be fed into camp facility areas to assist in space cooling. 
 
 
 
Figure 5 Burkina Faso air temp data 
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3.4 Office equipment 
Office equipment, mainly display equipment such as computer screens have been 
assessed. Table 9 shows the average power consumption and cost of different types of 
displays, based on Cnet's [11] display monitor cost and output values for a 30 inch screen. 
The average is based on 106 different monitors. The comparison is between LED, LCD and 
plasma displays that would typically be used in living areas for entertainment, and in work 
areas for computer displays. 
Table 9 Display equipment average power usage 
  Plasma LCD LED 
average Watts/sq inch 0.309612903 0.227578947 0.140222 
$ per kWh (based on 30 inch 
screen) 0.002414981 0.001775116 0.001094 
$ per year (continual usage) 21.15523045 15.55001432 9.581104 
For a typical good quality monitor of this size, a buyer would expect to pay about $100-
$300. 
3.4.1 Plasma screens 
Plasma display technology utilizes small cells containing electrically charged ionized 
gasses; the principal is similar to that of fluorescent lamps. Plasma displays use as much 
power per square meter as traditional cathode ray tube displays and slightly more than 
liquid crystal displays. Plasma has some advantages over LCD’s, such as low visual motion 
blur and wider viewing angles [24]. They also have many disadvantages because they 
consume more power, are more fragile, will not work at any altitude above 2km, can 
sometimes have noticeable flickering similar to fluorescent lights, and the screen is 
susceptible to images burning in to the display if left inactive. 
3.4.2 LCD screens 
Liquid-crystal display televisions produce a black and colored image by selectively filtering 
white light. The light is given off by cold cathode fluorescent lamps at the back of the 
screen. A grid of individual LCD shutters selectively open and close to allow an amount of 
white light through, with each shutter paired with a colored filter to remove all but the 
red, green or blue portion of the light from the original white light. Every shutter/filter 
pair are called sub-pixels where the individual colors blend together to produce a single 
spot of color, which forms one pixel [22]. The process of filtering light means that the 
backlight needs to be very powerful to produce a bright image. The pixel structure itself 
blocks a lot of the light. This means there will be low efficiency due to the amount of light 
needed and the visual useful light from the display. 
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3.4.3 LED display 
An LED display is actually a LED backlit LCD display. This means that instead of using cold 
cathode fluorescent lamps as the screen light, more energy efficient LED lights are used, 
which offers energy savings. Because LED’s switch on and off faster than cold cathode 
fluorescents and can offer higher light output, they can offer a very high contrast ratio 
and corrects the flickering problem that can sometimes be seen in LCD displays. The units 
are thinner, more energy efficient, and have a longer life than its closest competitor of 
the LCD display. The lifetime of the display is longer than all other sets and the lighting 
does not contain any mercury, reducing environmental impact and associated disposal 
problems. 
Led screens are said to have the longest lifespan, due to the characteristics of the 
backlight. Most manufactures quote that the expected lifetime of current screens are 
expected to be around 100,000 hours, but the testing is based on a mathematical model 
to determine half life of the light producing element, and does not take into account 
other problems or electrical issues that could go wrong. Also when using technology on 
these sites, it is more likely that the model being used will be outdated before it 
malfunctions, so therefore this feasibility analysis is looking purely at the energy savings 
that the monitors could offer and if there is a significant difference in running cost. 
3.4.4 Monitor performance & cost 
Table 10 shows the average power consumption and cost of the different types of 
displays, based on a 30 inch screen size. The average is based on 106 different monitors 
[11]. 
Table 10 Monitor cost 
  Plasma LCD LED 
average Watts/sq inch 0.309612903 0.227578947 0.140222 
rated Power (350in^2) (watts) 108.3645161 79.65263158 49.07778 
$ per kWh (based on 30 inch screen) 0.028174774 0.020709684 0.01276 
$ per year (continual usage) 246.8110219 181.4168337 111.7795 
Table 10 indicates the performance of each monitor. The power consumed by the 
different monitors is mainly due to the lighting technology, where plasma and LCD rely on 
a fluorescent light type setup and LED displays harness the energy efficient light emitting 
diode technology. As indicated from the background research and from the LED lighting 
section 3.2, the LED screens are the most energy efficient, but are also the most 
expensive. The capital costs of the screens are largely variable depending on 
manufacturers, models and suppliers. It would be fair to base the price margin on the 
technology being used, where the price difference can be seen through the lighting cost 
study. Knowing that LED’s are about three times the cost of fluorescent tubes and LCD’s 
are slightly more energy efficient to run than plasma sets. A plasma screen will cost 
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around $200, and LCD around $300 and a LED at around $600. The difference in running 
cost can now be seen in Figure 6. 
 
Figure 6 Monitor cost comparison 
 
It is assumed that the monitors will become outdated after a 7 year lifetime. All 
manufactures expect a life time of the unit to be about 10 years, so replacement cost 
should not be a factor. From Lycopodium Bissa site procurement documents, it is 
indicated that LCD screen are already being used in the office area’s, which is the obvious 
decision, when compared to plasma displays, which can also represent the outdated 
cathode ray tube displays, that have similar power consumption. When comparing LCD 
and LED sets, it can be seen that the LCD is cheaper for the first 4 years. The average 
power consumption of an LCD is over 40% more than an equivalent LED. Even with this 
big increase in efficiency the total cost over the 7 year period is only 187 dollars less. The 
value may seem quite small but when hundreds of monitors are being used, the saving 
and reduced maximum demand could benefit the site. 
3.5 Pre Feasibility Summary 
Among the technologies assessed in the above sections, two show the most potential to 
be improved. Hot water systems indicate that there is a large energy saving potential 
from harnessing solar resources. LED lighting also indicates that it is the most efficient 
lighting technique and offers a range of advantages over other lighting types. These two 
technologies will be further investigated. Upgrading of monitors offers reduced load, but 
the results are marginal, and would mean a much higher investment. The study into the 
different monitors assumes full time usage also, where many modern monitors will have 
power saving settings so the indication of potential saving is too weak to confidently 
suggest the extra investment will pay off. 
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4.0 TECHNOLOGY PERFORMANCE ANALYSIS 
The technologies found to offer the most benefit, as shown in the previous section, are 
hot water systems and LED lighting. This analysis section goes into detail about how these 
two feasible technologies will perform financially and advantages offered from their 
operational characteristics.  
4.1 Hot water systems 
From the units indicated in the CBEEDAC [9] study and according to previous research, it 
can be estimated with some accuracy, how the different hot water systems will interact 
due to power consumption and available solar resource. The conventional electric water 
heater is the base case, and would be the traditional hot water system with 12 kWh as 
shown. 
Table 11 Water heating systems 
electric conventional tank electric demand solar with electric backup heat pump
avg unit cost ($) 800 1500 5000 3000
expected life (years) 13 20 20 20
Qdm average kWh/day 12 8 2.40 4
Efficiency 0.65 0.98 3.27 1.96
annual energy cost ($) 1166.80 777.87 233.36 388.93
cost over 20 years ($) 25236.07 17057.38 9667.21 10778.69  
 
4.1.1 Electric on demand tankless hot water systems 
Electric on demand systems can also be used, this is basically heating the same amount of 
water but will use a reduced amount of electricity as there will be much less heat loss 
associated with the storage generally offering a total energy saving of 40-50%. However 
on demand systems will also increase the maximum demand loading as the operating 
power is much higher than the systems that store hot water; this is because instead of 
slowly heating water the system must rapidly heat the water from tap temperature to 
desired temperature in a matter of seconds. Where a traditional water system may 
consist of one 4.5kW element, a tankless water heater has four 7kW elements making the 
overall electrical load 28kW, which will require wires and circuit breakers that can handle 
at least 120A at a much higher cost to that of a traditional tank. On a mine site the 
allowed maximum demand for the unit increases greatly, which is undesirable when 
designing multiple units to run at the same time as it will cause huge power spikes and 
require more output from the onsite diesel generators. 
4.1.2 Solar with electric backup hot water system 
A solar water heater will harness the strong solar resource at the site to heat the water to 
be stored in a traditional electric hot water type tank. The electric tank acts as a backup 
water heater, if solar system alone is unable to meet the heating load when the solar 
resource in unavailable due to poor weather or night time. As shown in section 2, Burkina 
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Faso is an ideal site for a solar thermal system, and can offer a possible average energy 
savings of 80-90% over an electric storage tank. 
Solar fraction estimate 
 Solar fraction with water usage of 240L/day 
Table 12 shows the solar fraction of hot water provided by a solar hot water system, 
where the remainder of the fraction will be made up by the electric booster to meet the 
hot water demand. The program ‘Retscreen’ estimates that the average hot water used 
by 4 people in one day is 240L. A smaller 150L hot water system estimate can be found in 
Appendix 8.3. 
Table 12 Calculated collector area for 240L/day 
collector area 
m^2 
solar fraction 
% 
0 0 
0.5 0.15 
1 0.28 
1.5 0.41 
2 0.52 
2.5 0.62 
3 0.71 
3.5 0.79 
4 0.86 
4.5 0.92 
5 0.96 
5.5 0.98 
6 0.99 
6.5 1 
 
The f-chart method provides a means for determining the thermal performance of active 
solar heating systems and is used to construct a curve for an ideal collector. There is a 
trade off between collector area and solar fraction. Most of the solar fraction in this case 
is harnessed by a 4.5m² collector area, harnessing 92% with a slowing curve. In this case a 
collector area of 3.5-4.5m² would be sufficient depending on losses. It is not worth the 
extra money to buy an extra 2.5m² of collector area to only get the final 14% of the solar 
fraction, as it is unlikely that a collector will be capable of meeting the entire hot water 
load for all seasons of the year. In comparison the panels would be far more useful in a 
separate system, where an area 2.5m² alone has an estimated obtainable solar fraction of 
62%. The relationship between collector area and solar fraction obtained is shown in 
Figure 7. 
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Figure 7  Collector size 240L/day 
 
4.1.3 Heat pump with electric backup 
Heat pumps are able to save energy due to the nature of their operation in the right 
climate. Electricity is still used, but rather than creating heat energy from heated 
elements, the pump will harness heat energy from the surrounding air. This results in 
energy savings of at least 60% over conventional systems and has that advantage to work 
even at night. Unlike solar systems heat pumps do not rely on direct sunlight, but the air 
temperature. In Burkina Faso, the air temperature has a relatively high average of more 
than 27⁰C with only a small yearly fluctuation, making heat pumps an attractive 
alternative technology for water heating.  
4.1.4 Cost 
Although there are many alternative technologies that offer energy savings over 
conventional electric hot water systems, their capital cost is also much higher. This is not 
only due to more complex technology, but for system reliability, an electric storage tank 
needs to backup the system, resulting in much larger costs. For a new technology to be 
attractive to a client the lifetime cost needs to be kept to a minimum. This means looking 
at the payback comparison compared to the installation of a traditionally used electric 
water heater and the time it will take for the reduced running cost to pay of the initial 
increased capital cost of the unit. 
Figure 8 shows the total running cost of the water heaters over 10 years. The interactions 
show how quickly the net cost that would be expected with time. As seen the 
conventional electric storage tank is the cheapest at the start, but has the steepest curve, 
due to the high running cost associated with high power usage. 
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Figure 8 Water heating cost 
 
4.1.5 Payback 
The payback model below shows the time period in which the different water heaters will 
start to become profitable compared to a standard electric system using the estimated 
current fuel price of $1.30/L.  
As shown in Figure 9, the tankless electric ‘on demand’ system will have a short payback 
period of 2.5 year as energy usage is cut by a third, and the cost about twice as much as 
the conventional tank 
The heat pump is a larger initial investment than the on-demand hot water system, but 
due to its lower energy usage, the energy saved is quite significant and will pay itself back 
in around 4 years, and will be cheaper than the on demand system after 5 years of 
operation 
A solar system with electric backup tanks storage will be the most expensive system, far 
more expensive than the rest. Unlike the other methods, the initial setup is more complex 
as the system will consist of essentialy two parts, the collectors installed on the roof and 
the tank on the ground. The effectivness and most expensive part of the system is 
dependent on the collector size [discussed in section 4.1.2] with the estimate that a 
reliable effective system for a 4 person accommodation will cost $5000; this cost is six 
times greater than that of a conventional system. However as predicted previously, a 
solar system would be expected to perform with high efficiency at this site, and the 
energy savings would be the highest. It is estimated that payback for this system will take 
about 5.5 years compared to the conventional tank. Compared to the other two heating 
methods, after 7.5 years the solar system will surpass the tankless system and 14 years to 
be cheaper than the heat pump. 
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Figure 9 Water heater payback 
 
4.1.6 Water heating summary 
The performance and efficiency of each system is what ultimately makes them desirable 
for use. However, the initial capital cost compared to the power saving will be the main 
driver in deciding if a conventional systems should be replaced. As shown, each setup 
offers different energy savings. The decision for what system to use is dependent on the 
life of the project. For a relatively short project there would be no return on investment 
and the client would be reluctant to invest in more energy efficient equipment, if they will 
not see the benefit from it. However, projects will typically have a long life, from 
anywhere from 10 to 25+ years. This means that the heat pump and solar backup system 
become a feasible option for this site. The payback model assumes equal maintenance 
cost and assumes that the lifetime of the systems are equal at 20 years for an ideal case. 
However in real world conditions heat pumps will have more associated maintenance 
cost over their maximum life, due to more moving components compared to the solar 
collectors that have a long expected life of 20 years with minimal expected maintenance. 
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4.2 Lighting 
4.2.1 Tropicana Gold footpath lighting 
This cost study performed for the Tropicana joint venture project, which analyses the 
feasibility of using LED lights in place of High Pressure Sodium (HPS) lamps for the village 
footpath lighting. The site is located 330km east north east of Kalgoorlie. The site has 
many characteristics in common with Burkina Faso. 
The light levels required are to meet standards as set out in Australian Standards 
AS/NZS1158.3.1 Lighting for roads and public spaces - pedestrian area (Category P) 
lighting - performance and design requirements. 
According to AS1158.3.1, Table 2.2, the site is rated in a lighting category of P4, being low 
pedestrian traffic, presumably no bicycles and low risk of crime. From AS1158.3.1, Table 
2.6, the light technical parameters must be as follows: 
 
 Average horizontal illuminance, Ēh ≥ 0.85 lux 
 Point horizontal illuminance, Eph ≥ 0.14 lux 
 Illuminance (horizontal) uniformity category P, Ue2 ≤ 10 
 
 
(Refer to Appendix 8.1 AS1680.5 lighting standards) 
Figure 10 is a diagram of the layout of the village and the pathway lighting shown 
including the locations of 25 light fittings and the associated light level's for selected 
pathway areas (refer to appendix 8.2) 
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Figure 10 Tropicana village lighting layout [23] 
 
In Figure 11 the footpath sections are numbered to indicate the lux measurements at the 
different areas. 
 
Figure 11 Tropicana footpath lighting areas [23] 
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The aim of the footpath lighting is to provide enough light for workers to find their way 
around in limited natural light conditions. 
 
4.2.2 Sample Pierlight 70W HPS light overview 
Table 13 HPS light calculation [23] 
 
The base method that is being considered for use is a 70 watt HPS light by Pierlite at a 
cost of $270 per unit. The manufacturer has specified the average life hours at 12000-
15000 hours with a rated light output of 6500 lumens. The globe produces 93 
lumens/watt with a utilisation factor of HPS lights at an average of 50%, meaning that the 
utilised light is 46.5 lumens /watt. The maximum and minimum lux levels indicates the 
uniformity of light with a fluctuation of 43 lux. 
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4.2.3 Sample Pierlight 50W LED floodlight overview 
Table 14 LED light calculation [23] 
 
 
The proposed lighting method considered is a 50 Watt LED Floodlight by Pierlite at a cost 
of $900 per unit. The manufacturer rates the average life hours at 35000-40000 hours 
with a rated light output of 3730 lumens. The luminous efficiency is 75lumens/watt with 
an average LED utilisation factor of 70% meaning that utilised light is 52.5lumens/watt. 
The maximum and minimum lux levels indicates the uniformity of light with a fluctuation 
of 31 lux. 
 
The manufacturer of the LED lights has to use a model for the life of the led as it would 
not be practical to wait years until the diodes stop giving off acceptable light levels to test 
how long it will last. This means the lifetime may be longer or shorter depending on many 
factors that can affect the diodes operation, including operation temperature, climate 
and duration of continuous operation. 
4.2.4 LED and HPS comparison 
Each light type has different attractive characteristics suitable for the application.  
Power consumption 
LED lights run at a lower wattage and therefore, have a lower power consumption, 
compared to HPS lights. In this case the led’s consume 29% less power. 
Efficiency 
Energy effectiveness [7] takes into account power supplied to the luminaire in lumens per 
watt (lm/W) and the luminous efficacy of the light source, optical efficiency of the 
luminaire and how effective the unit is in focusing light to the intended area. The goal is 
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to illuminate the target area to the necessary illuminance with acceptable lighting quality, 
for the lowest power density.  
 
HPS light produce more lumens per watt of light energy, for this case 93 lumens/watt 
compared to the led 75 lumens per watt, however included in this output is waste light 
and therefore waste energy. The characteristics of LED’s mean that there is less waste 
light being produced, which gives a higher utilisation factor, so they produce more useful 
light. This gives the LED a higher luminaire efficacy of 52.5 lumens/watt compared to the 
HPS of 46.5 lumens/watt. 
Light Distribution 
In traditional bulbs including HPS, a considerable amount of light is directed up . This light 
needs to be directed back down so the efficacy of the light is also dependent on the 
reflector, which will degrade over time depending on its condition. Also the physical 
profile of a HPS bulb is quite large which causes a large portion of light to become 
trapped in the reflector. The upward directed light in a traditional luminaire is reflected 
straight down, causing a hot spot, where the light will be very bright close to the light, 
while areas further away have poor light intensity [19]. By contrast an LED light setup has 
a small profile and several light sources facing the desired direction eliminating reflector 
problems, hotspots and ensuring a more uniform distribution of light. To show this 
comparison, in Figure 12, each LED light on the left produces 8040 lumens while HPS 
lamps on the right each produce 19,000 lumens. This shows that the comparison of plain 
lumens can clearly be very misleading. 
 
Figure 12 EERE lighting LED v HPS comparison [19] 
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From the given data, the HPS maximum light levels is 43 lux with an average light level 
2.32 lux, compared to the LED sample which has a maximum light level of 31 lux with an 
average of 1.51. Both comply with AS1158.3.1, but the lower average lux given off by LED 
does not indicate poor light in comparison to the higher average of the HPS, rather it 
indicates a more even light distribution. 
Colour reproduction 
In areas such as public areas and car parking colour discrimination is desirable to instil a 
feeling of safety in the users of the facility. Higher colour rating index (CRI) lights will 
replicate daylight conditions better, giving clearer lighting. The CRI value for HPS lights is 
around 22, compared to LED’s that typically have a value of 75 or higher. This is obvious 
when looking at the two lights, as seen in Figure 12, where HPS lights have a yellow tinge 
and LED’s are a white light. 
Lifetime 
The longer lifetime and durability of LED lights means that there will be reduced 
maintenance cost. On average an LED will last at least 3 times longer than an equivalent 
HPS light. It is estimated that each bulb replacement will be 2 hours labour at $150 per 
hour so effectively the maintenance cost is being cut dramatically, decreasing the life 
cycle expense. 
Lighting cost 
Based on the average HPS life hours of 12000-15000 hours and the average LED life hours 
of 35000-40000 hours, the replacements will occur at 3 and 9 years respectively. For this 
scenario the fuel on site cost $1.40/L and assumes that lights will operate 12 hours per 
day. Figure 13 shows the initial capital and running cost of each light as well as the 
average capital cost. 
 
Figure 13 HPS and LED cost chart 
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Figure 14 shows a total cost projection over 15 years. The initial HPS cost is much less 
than the LED, but the light needs to be replaced three times more often than the LED, 
which also has a lower running cost, with an improved energy efficiency of 30%. 
With the lights operation at 4380 hours per year an energy saving of 87.6kWh, or 17.95 
litre fuel usage reduction per light with 25 light fittings in this village area, the maximum 
demand is reduced from 1.75kW to 1.25kW, which is a 2.19MWh/year reduction and a 
fuel saving of 448.75 litres. With the fuel at a cost of $1.4/L the expense is reduced by 
$628.25. LED lighting is not only desirable because of the cost savings associated with the 
fuel price, storage and transportation, but also the environmental impacts and associated 
taxes. Diesel has a carbon content of around 88%, and releases approximately 2.7kg of 
CO2 for every litre of fuel, so carbon emissions are reduced by 1211.6kg/year.  
 
Figure 14 HPS and LED total cost 
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4.2.5 Lighting Summary 
Each light type would be suitable for the application. HPS has a lower capital cost, and a 
higher lux level which will give more light penetration. However LED lights are more 
efficient, are sturdy in construction and not sensitive to vibration and shock, and the light 
does not give off any UV light, so it will not attract insects. As LED lighting becomes more 
developed and more efficient and affordable, the payback period will be further 
decreased. These qualities as well as the reduced cost associated means that LED fixtures 
are highly desirable to be used for lighting.  
 
Table 15  Lighting cost overview 
70W HPS light 50W LED flood light saving
average lux 2.32 1.51
cost per unit ($) 270 900
energy kWh/year 306.6 219 87.6
fuel L/year 62.8 44.9 17.95
Notes not sensitive to vibration
no emitted UV light does not attract insects
operating hours in a year 4380  
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5.0 ACCOMMODATION UNIT SIZING 
Comparing the current living area setup and a proposed setup, a modelled scenario can 
predict how implementing energy efficient equipment will affect the overall cost and 
power demand of the accommodation units. Current base units, also referred to as 
'dongers' is divided into four rooms and consist of a 2kW electric hot water tank, four 
1kW air conditioning units, four 10A double general power outlets (GPO), a 70W high 
pressure sodium external light and indoor room lighting, with five 60W globes in each 
room. Each donger houses 4 people and at this particular site the camp has a total of 139 
installed units. 
 
Figure 15 Base 4 man accommodation unit 
 
5.1 Total cost analysis 
Using a base 4 man accommodation unit, based on Lycopodium village size documents 
[12], the current power demand and unit cost can be seen. For this base case in Table 16 
the maximum demand of the unit is 8.94kW per accommodation unit with a cost estimate 
of $3328. 
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Table 16 Base accommodation unit 
Description
Quantity 
per unit
kW
Total 
Kw
Total 
Installed 
Load
pf
MD 
factor
MD kW
Total 
No. 
of 
Units
Total 
Max 
Demand 
kW
cost per 
unit $
equipment
4 Man Accommodation Unit 15.27 2122.53 8.94 139 1242.75 3328
- Room Lighting 4 0.3 1.2 0.8 75% 1.13 8 5*Incandecent 60W bulbs
- Lighting (External) 1 0.07 0.07 0.8 75% 0.07 270 70W HPS light
- GPO (10A - Double) 4 2 8 0.8 21% 2.13 50 TV, entertainment etc
- A/C 4 1 4 0.8 63% 3.13 1000 1kW space cooling
- HWS 1 2 2 0.8 100% 2.50 2000 2kW hot water electric storage tank  
Using the feasible technology in Section 4 to replace the standard technology used, the 
maximum demand of the proposed unit is decreased to 6.11kW as seen in Table 17. This 
is a power reduction of 31% or 2.83kW less than the base case. The cost estimate is 
significantly higher than the base case at $7150 which is a $3822 increase, close to double 
the cost of the base case. 
Table 17 Proposed accommodation unit 
Description
Quantity 
per unit
kW
Total 
Kw
Total 
Installed 
Load
pf
MD 
factor
MD kW
Total 
No. 
of 
Units
Total 
Max 
Demand 
kW
cost per 
unit $
equipment
4 Man Accommodation Unit 12.75 1772.25 6.11 139 849.20 7150
- Room Lighting 4 0.05 0.2 0.8 75% 0.19 200 5*10W LED
- Lighting (External) 1 0.05 0.05 0.8 75% 0.05 900 50W LED
- GPO (10A - Double) 4 2 8 0.8 21% 2.13 50
- A/C 4 1 4 0.8 63% 3.13 1000
- HWS 1 0.5 0.5 0.8 100% 0.63 5000 assuming 75% is solar fraction  
 
It is seen clearly that there is a cost vs efficiency trade off. The technology is more 
desirable if the energy saving are significant enough to balance out the initial investment, 
and how quickly the setup will become profitable. 
5.1.1 Load profile 
The expected load profile is shown in Figure 16. The load profile is estimated based on the 
general activity that would be expected in the units where demand would be at its 
highest, before a shift in the morning and at the end of a shift in the evening. This is a 
fairly general example of a load profile, designed for the purpose of comparing the base 
and proposed accommodation units being used in the same way to indicate the 
difference in energy consumption, and does not account for days off or rest days where 
more time may be spent using the equipment in the unit. As previously stated, there is a 
31% decrease in maximum demand a 25% reduction in energy being used, where the 
estimated daily load for the base case is 59.4kWh, and the daily average load for the 
proposed system is 44.5kWh. 
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Figure 16 Sample load profile 
 
 
5.2 Estimated Performance 
The current cost of diesel fuel on site is ~$1.30/L and the estimated diesel generator 
efficiency of 4.88kWh/L, so the systems performance over a period of time can be 
modelled. Figure 17 takes into account the running cost based on electricity consumption 
with the diesel price at todays rate on site as displayed in Table 18. 
The capital cost figure 18 takes into account lighting service every 3 years for the base 
case at a cost of $500 plus labour to change the current lights and every 10 years for the 
proposed case at a cost of $1500 to replace the LED lights. The estimation also assumes 
that the base hot water system will require to be replaced after its expected life of 13 
years at a cost of $800. 
Total cost figure 19 takes into account both the running cost and capital cost to indicate 
how much the systems will cost over a period of time. 
Table 18 Cost parameters 
fuel cost $/L 1.3
kWh/L 4.88
$/kWh 0.266393
replacement labour $/h 70  
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5.2.1 Running cost 
 
Figure 17 Unit running cost over 20 years 
5.2.2 Capital cost 
 
Figure 18 Unit capital cost over 20 years 
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5.2.3 Total cost 
 
Figure 19 Total unit cost comparison 
The payback graph Figure 20 shows how long it would be expected to take for the 
proposed accomodation unit to become profitable. The graph indicates that it will take 
around three years for the energy saved to pay back the initial capital cost of the 
proposed case. This period will also begin to decrease with increasing fuel price. 
5.2.4 Payback period 
 
Figure 20 Payback period 
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5.3 Accommodation unit performance summary 
The energy used by the proposed unit is just over 30% less than that of the base case unit. 
Investing in high efficiency equipment to reduce electrical load will reduce fuel 
consumption and reduce the fuel price risk associated. This results in an energy saving of 
5.42MWh/year/unit and a fuel saving of 1110.7L/year/unit. 
Table 19 Proposed performance estimate with increasing fuel cost 
fuel cost ($/L) 1.3 1.6 2 2.5 
reduced running cost ($/unit) 1443.9 1777.1 2221.4 2776.767 
payback period (years) 2.6 2 1.8 1.2 
 
Reducing the power drawn from remote living areas using high energy efficient 
equipment offers several benefits. 
Energy saving  
Energy saved per accommodation unit is estimated at 5.42MWh/year, resulting in a fuel 
saving of 1110L/year. This means that for each day of operation the units will save 
14.8kWh of electricity 3.04 litres of diesel fuel. In this case there are 139 units operating, 
753.4MW of electricity is saved each year resulting in a fuel saving of 153.4 kilolitres of 
diesel fuel equivalent to a possible fuel saving at the current diesel price of more than 
$200,000. 
Power demand  
The original total installed load of the accommodation units are 15.27kW with a 
maximum demand of 8.94kW per unit. The proposed units have a reduced total installed 
load of 12.75kW with a maximum demand of 6.11kW per unit. This means that the village 
area consisting of 139 units has a total installed load of 2122.53kW reduced to 
1772.25kW, which is 350kW less and a maximum demand reduced from 1242.66kW to 
849.29kW, which is 393.37kW lower. This means that there could be another potential 
saving from the diesel genset itself, a size smaller generator set dedicated to the village 
will be cheaper to buy or lease than if a larger system is required to meet the loading 
conditions and maximum power demand. 
Environmental benefit  
Diesel has a carbon content of around 88%, and releases approximately 2.7kg of CO2 for 
every litre of fuel. With the proposed fuel saving each unit will reduce carbon emissions 
each year by 2997kg/unit or 416.6 tonnes for the 139 unit village. There is a growing 
concern with the effects of global warming in many countries, resulting in governments 
taxing companies for their carbon emissions. This is a further financial driving factor to 
reduce energy and fuel consumption. 
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6.0 CONCLUSION 
A good energy strategy is a key factor in an effective plant operation. Nearly all remote 
site locations use electrical energy generated from diesel generator sets, which makes the 
running cost of the site dependent on diesel fuel, and sensitive to changes in fuel price 
and usage. The site running cost is a key driving factor into whether a site will be feasible 
to operate, and minimising the cost is desirable to increase the projects profitability.  
Throughout the investigation a potential energy saving from upgrading some of the 
technology used in the site village living areas is seen. Hot water systems can reduce the 
electrical load on the system by harnessing the freely available solar energy at the 
location in combination with a backup heating element. The use of LED lighting in place of 
pathway and indoor lighting offers a high energy saving, reducing wasted electricity from 
the standard low efficiency lighting. When these two technologies are implemented it is 
estimated that the village load can be reduced by more than 30% which results in 
significant reductions in fuel used and power demand. The trade off for the energy saving 
is the capital cost of upgrading the site accommodation units, where the proposed 
accommodation units will cost more than double the current unit price. However, it is 
estimated that the proposed units will become profitable in under three years from the 
energy savings in comparison, and with a site that will have a long intended life, the units 
will be much more desirable. The reduced load will offer several benefits by helping to 
reduce the fuel price risk, reduce environmental impact and increase economic value of 
the project. 
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8.0 APPENDIX 
8.1 AS1680.5 
 SAI global Australian standards 
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 AS1158.3.1, Table 2.2 shows a lighting category of P4. 
 
Appropriate illumination is thus as shown at P4, below: 
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Permissible luminaire types include types 2, 3, 4 or 6: 
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8.2 Tropicana footpath lighting Data for HPS and LED light's 
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8.3 Solar fraction with water usage of 150L/day 
collector area 
m^2 
solar fraction 
% 
0 0 
0.5 0.22 
1 0.41 
1.5 0.58 
2 0.72 
2.5 0.83 
3 0.93 
3.5 0.97 
4 0.99 
4.5 1 
 Calculated solar fraction 150L/day 
 
Figure 21 collector size 150L/day 
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8.4 Homer analysis calculations 
Used for reference 
Solar resource at Burkina Faso 
 
 
Daily load profile 
 
Daily load for 4 man accommodation unit 
Average=58kWh/day 
Peak=9.1kW 
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Diesel generator cost 
 
 
Power Generation cost US$/kWh 
Maintenance, Lubrication and Rental 
cost 
0.043 
Diesel Cost 0.260 
Total $ 0.376 
Generator cost to equal O&M + rental cost as set out in Lycopodium Kabanga study. 
Diesel fuel cost also to match study @ $1.25/L 
Considering sizes of up to 30kW  
PV cost 
 
PV array at a cost of $7/watt  
Considering sizes of up to 35kW 
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Battery bank 
 
Capital cost of at least $12000 + ($840*number of batteries) 
 
 
 
Inverter 
 
Cost of $1600 per kW 
Considering sizes of up to 30kW 
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Output: system 
 
 
Base case: based on today’s fuel price of $1.25/L and PV price of $7/kW 
 
 
 
Sensitivity case’s 
If fuel price increases to $1.50/L 
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If PV price drops by 25% to $5.25/w 
 
 
 
If fuel price increases to $1.50/L and PV drops to $5.25/W 
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8.5 4 man accommodation unit cost calculation 
Year
Base $/kWh proposed $/kWh Base Capital proposed capitalbase total cost proposed total cost payback
1 5775.7 4331.8 3328.0 7150.0 9103.7 11481.8 -2378.1
2 11551.4 8663.5 3328.0 7150.0 14879.4 15813.5 -934.2
3 17327.0 12995.3 3328.0 7150.0 20655.0 20145.3 509.8
4 23102.7 17327.0 4038.0 7150.0 27140.7 24477.0 2663.7
5 28878.4 21658.8 4038.0 7150.0 32916.4 28808.8 4107.6
6 34654.1 25990.5 4038.0 7150.0 38692.1 33140.5 5551.5
7 40429.7 30322.3 4748.0 7150.0 45177.7 37472.3 7705.4
8 46205.4 34654.1 4748.0 7150.0 50953.4 41804.1 9149.4
9 51981.1 38985.8 4748.0 7150.0 56729.1 46135.8 10593.3
10 57756.8 43317.6 5458.0 8790.0 63214.8 52107.6 11107.2
11 63532.4 47649.3 5458.0 8790.0 68990.4 56439.3 12551.1
12 69308.1 51981.1 5458.0 8790.0 74766.1 60771.1 13995.0
13 75083.8 56312.8 6968.0 8790.0 82051.8 65102.8 16948.9
14 80859.5 60644.6 6968.0 8790.0 87827.5 69434.6 18392.9
15 86635.1 64976.4 6968.0 8790.0 93603.1 73766.4 19836.8
16 92410.8 69308.1 7608.0 8790.0 100018.8 78098.1 21920.7
17 98186.5 73639.9 7608.0 8790.0 105794.5 82429.9 23364.6
18 103962.2 77971.6 7608.0 8790.0 111570.2 86761.6 24808.5
19 109737.8 82303.4 8248.0 8790.0 117985.8 91093.4 26892.5
20 115513.5 86635.1 8248.0 8790.0 123761.5 95425.1 28336.4
CUMULATIVE COST
Running Cost Capital Cost TOTAL Cost
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8.6 Hot water system data 
electric conventional tank electric demand solar with electric backup heat pump
avg unit cost ($) 800 1500 5000 3000
expected life (years) 13 20 20 20
Qdm average kWh/day 12 8 2.40 4
Efficiency 0.65 0.98 3.27 1.96
annual energy cost ($) 1166.80 777.87 233.36 388.93
cost over 20 years ($) 25236.07 17057.38 9667.21 10778.69
electric demandsolar with electric backup heat pump
0 800.00 1500.00 5000.00 3000.00 -700.00 -4200.00 -2200.00
1 1966.80 2277.87 5233.36 3388.93 -311.07 -3266.64 -1422.21
2 3133.61 3055.74 5466.72 3777.87 77.79 -2333.19 -644.34
3 4300.41 3833.61 5700.08 4166.80 466.72 -1399.75 133.53
4 5467.21 4611.48 5933.44 4555.74 855.66 -466.31 911.40
5 6634.02 5389.34 6166.80 4944.67 1244.59 467.13 1689.26
6 7800.82 6167.21 6400.16 5333.61 1633.53 1400.58 2467.13
7 8967.62 6945.08 6633.52 5722.54 2022.46 2334.02 3245.00
8 10134.43 7722.95 6866.89 6111.48 2411.40 3267.46 4022.87
9 11301.23 8500.82 7100.25 6500.41 2800.33 4200.90 4800.74
10 12468.03 9278.69 7333.61 6889.34 3189.26 5134.35 5578.61
11 13634.84 10056.56 7566.97 7278.28 3578.20 6067.79 6356.48
12 14801.64 10834.43 7800.33 7667.21 3967.13 7001.23 7134.35
13 17068.44 11612.30 8033.69 8056.15 5456.07 9034.67 9012.22
14 18235.25 12390.16 8267.05 8445.08 5845.00 9968.12 9790.08
15 19402.05 13168.03 8500.41 8834.02 6233.94 10901.56 10567.95
16 20568.85 13945.90 8733.77 9222.95 6622.87 11835.00 11345.82
17 21735.66 14723.77 8967.13 9611.89 7011.81 12768.44 12123.69
18 22902.46 15501.64 9200.49 10000.82 7400.74 13701.89 12901.56
19 24069.26 16279.51 9433.85 10389.75 7789.67 14635.33 13679.43
20 25236.07 17057.38 9667.21 10778.69 8178.61 15568.77 14457.30  
 
annual cost of operation = 365 days/year x 12.03 kWh/day ÷ EF x Fuel Cost ($/kWh)  
EFF = [M*Cp*(Tin-Tout)]/Qdm 
M = mass of water drawn 
 Qdm = daily energy consumption 
Cp= specific heat cap of water kWh/kg 
 
fuel cost $/L 1.3
fuel cost ($/Kwh) 0.266393
water demand L/day 150
flow rate = 9L/min
Tin 15
Tout 60
Cp kWh/Kg 0.001163
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